Abstract: District heating plays a key role in achieving high primary energy savings and the reduction of the overall environmental impact of the energy sector. This was recently recognized by the European Commission, which emphasizes the importance of these systems, especially when integrated with renewable energy sources, like solar, biomass, geothermal, etc. On the other hand, high amounts of heat are currently being wasted in the industry sector, which causes low energy efficiency of these processes. This excess heat can be utilized and transported to the final customer by a distribution network. The main goal of this research was to calculate the potential for excess heat utilization in district heating systems by implementing the levelized cost of excess heat method. Additionally, this paper proves the economic and environmental benefits of switching from individual heating solutions to a district heating system. This was done by using the QGIS software. The variation of different relevant parameters was taken into account in the sensitivity analysis. Therefore, the final result was the determination of the maximum potential distance of the excess heat source from the demand, for different available heat supplies, costs of pipes, and excess heat prices.
Introduction
Security of energy supply and CO 2 emissions reduction have been recognized by the EU as the key topics that will define the development of its energy systems. For that reason, the utilization of highly efficient cogeneration with district heating systems should increase significantly, since these systems can greatly increase energy efficiency and reduce the CO 2 emissions of the energy sector. Currently, only 13% of the European heat supply is covered by district heating systems, which makes the potential for increasing this share significant, especially in urban areas which are characterised by high heat demand densities [1] . However, some northern countries, e.g., Sweden, already cover more than 50% of the residential and service sector heat demand with district heating [2] , showing the way for the rest of the Europe. An analysis was conducted in Denmark as a case study, which examined the role of district heating systems in future renewable energy systems [3] . The primary conclusion was that the expansion of district heating to up to 70% of Danish net heat demand would be optimal. However, this could be limited by the uneven framework as shown in [4] . The expansion would result in significant fuel savings, reduction of CO 2 emissions, reduction of costs, as well as in better utilization of excess heat. Similarly, from the perspective of the consumers, the most important reasons for connecting to district heating are affordability, increased comfort, and the favourable for minimizing system costs, and it was shown that excess heat is a feasible solution in all the investigated energy market scenarios. Similarly, other research [28] highlighted the economic and environmental advantages of utilizing excess heat in district heating, which also significantly increased the production of jointly operated cogeneration units. Moreover, the optimal contribution of excess heat from industrial facilities has been studied in [29] , where the authors developed a method for determining the investment costs of its utilization from a cluster of industrial facilities. The impact of excess heat utilization in a district heating system on CO 2 emissions and the energy system as a whole has been studied for a region in Sweden [30] . The research showed that introducing excess heat into the energy system would reduce the use of fossil fuels and therefore the environmental impact of the energy system, although this is highly case-dependent.
A good criterion for the economic evaluation of energy production technologies is the levelized cost of energy, which takes into account all the cashflows during the lifetime of a plant. Numerous research studies have already been carried out by implementing the levelized cost of electricity calculations. Recently, it has been used in [31] and supplemented by including uncertainty and endogeneities in input parameters for analyzing the economic feasibility of gas and nuclear power plants, showing much higher feasibility for gas power plants. Furthermore, in [32] it has been used to analyze the feasibility of a solar chimney power plant, proving its competitiveness against other renewable power production technologies. However, a significantly smaller amount of research has been carried out in the heat sector by implementing the levelized cost of heat method, with most papers focusing on the calculation of the total costs, as shown for a building in [33] . The levelized cost of heat has been used for example in [34] for determining the feasible level of heat savings and heat production on the European level, in [35] for the Fresnel solar system, and in [36] for co-firing solid, liquid, and gaseous fuel in a heat-only boiler, but none of these papers include excess heat in the analyses. One of the main parameters in the calculation of the levelized cost of excess heat will be the procurement cost of excess heat, which has been analyzed in [37] for excess heat from data centers, while taking into account a scenario with the possibility of a heat market. The potential for heat market implementation, i.e., third-party access, has also been discussed in [38] , giving some basic comments on its benefits for excess heat utilization in district heating systems.
This paper presents the continuation of the research conducted in [39] , which provided the analysis of excess heat utilization in a district heating system in a small rural city. The concept proved to be feasible; however, the analysis considered only the potentially available excess heat supply, and no other parameters were taken into account. Therefore, this research has been expanded as described in the next few lines. In this paper, heat demand mapping has been utilized in order to provide the analysis of the feasibility of a natural gas district heating implementation for a small city. This way, both the environmental and economic advantages of this system over individual heating solutions are demonstrated. The analysis further includes potential excess heat utilization, taking into account its distance from the heat demand. The novelty of this study is the utilization of the levelized cost of excess heat method. The method is validated by performing a case study for the city of Ozalj, a small city in Croatia.
Materials and Methods
The method consists of two main steps: heat demand mapping and feasibility analysis by implementing the novel levelized cost of excess heat method. In the next sections, a more detailed description of the aforementioned steps will be provided.
Heat Demand Mapping
In order to assess the heat demand of the city of Ozalj and therefore provide the input for the scenario analysis, heat demand mapping was performed. A similar geographic information system analysis has already been done in [40] , providing the potential for district heating expansion. However, mapping is not the focus of this paper but only provides the required input for further analysis. For that purpose, Matlab [41] and QGIS [42] software were used. The data used in the process of mapping were mostly public in order to facilitate the replication of the method. The method was also complemented with the results from a survey carried out in Ozalj [43] . The questionnaire was developed as a part of the CoolHeating project [44] , and the questions were specifically designed to collect good quality data from the citizens, in order to assess their heating needs and gather ideas, suggestions, and doubts for connecting to a district heating system. In order to get more precise energy consumption patterns, information was gathered both on the building stock (i.e., age of buildings, type of windows, insulation, net heating area, heating system, etc.) and on the annual fuel consumption. On the basis of this information, the heat demand of each surveyed household was calculated.
In order to better utilize these data for further analysis, the buildings were divided into eight categories with associated specific heat demands. The categories were determined by visually inspecting surveyed buildings and aggregating data from similar buildings into a specific category. This method is suited for smaller municipalities and can provide very detailed and more accurate heat demand maps, both on the building and on the aggregated level. However, when analyzing heat demands of larger areas, this method would not be appropriate since it would require too much time to carry out the survey. Specific heat demands for eight categories of buildings in the city of Ozalj are shown in Table 1 . It has to be pointed out that the values for office building, public building, industry, and historic building have been taken from the city's Sustainable Energy Action Plan [45] because of the insufficient data for these categories. Specific heat demands of some categories deviate significantly from the mean values, as shown in Table 1 . This is specifically the case for a house without insulation, since this category includes all the houses without any insulation on the outer walls. Therefore, the heat losses are the highest in this category. The survey was carried out in 391 households, which represents a share of 17% of the overall number of households in Ozalj. The results from Table 1 clearly show the status of energy consumption of building stock in the continental part of Croatia. These can also be applied to the whole region of southeastern Europe, because of the similar characteristics in this sector. Such high heat demands are the result of the relatively old age of buildings and low rates of refurbishment, with more than 50% of the surveyed households having no outer wall and roof insulation at all. The heat demand mapping conducted for this research consisted of four main steps. These can be divided as follows:
1.
The first step was to create a matrix in Matlab that contained information on the total gross area and locations of buildings from the Croatian online building census Geoportal [46] . 2.
In the second stage, the buildings were classified into eight categories according to their purpose and condition, in order to allocate their specific heat demands.
3.
At the same time, data on the number of floors were collected by visually inspecting all the households in the analyzed area. This could be done by using free online tools like Google Earth, etc. Both the categories and the number of floors were added to the initial matrix by color coding.
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The main steps are presented graphically in Figure 1 , which gives an overview of the building locations map, category map, number of floors map, and, finally, the heat demand map on the 100 × 100 m level for the selected location. The final step, i.e., the GIS map is presented in the results section. The main steps are presented graphically in Figure 1 , which gives an overview of the building locations map, category map, number of floors map, and, finally, the heat demand map on the 100 × 100 m level for the selected location. The final step, i.e., the GIS map is presented in the results section. 
Scenario Analysis
In order to determine the feasibility and the environmental impact of district heating system implementation in a small rural city, different scenarios were developed. Microsoft Excel and QGIS software were used for the calculations. First, the implementation of a natural gas district heating system was analyzed in order to point out the advantages of such a system over individual heating solutions. The effect of excess heat utilization on the system costs was also researched by implementing the levelized cost of excess heat method, as described in more detail in the following paragraphs. Finally, a sensitivity analysis was implemented, taking into account various relevant parameters.
Implementation of a Natural Gas District Heating System
Feasibility calculations of the proposed scenarios were done on the level of aggregated 100 × 100 m heat demand areas. Furthermore, by using the cost data from [47] , the levelized cost of heat was calculated for a potential natural gas district heating system, as shown in (1):
where is the capital cost of the production facility [€/kW], is the capital recovery factor which discounts the investment, is the tax rate, is the present value of depreciation taken from [48] , is the capacity factor of the production facility, are the total operation and maintenance costs [€/kW], and is the cost of the fuel being used [€/kWh]. Besides the heat production facility, the distribution network has also to be taken into account when calculating the feasibility of district heating implementation. The average specific network length could be calculated by dividing the total length of roads by the number of 100 × 100 m areas in the analyzed location. This could be used to calculate the cost of the district heating network installation in every 100 × 100 m area. The technical and cost data of the distribution network and the price of heat were taken from [49] . By integrating these data in the QGIS software (version 2.18.7) and using (2), the feasibility of the district heating system implementation was calculated for every 100 × 100 m heat demand area: 
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where R is the potential revenue for a district heating system in a single 100 × 100 The price of heat for the final consumers is a crucial parameter in this kind of analysis since it determines the revenues from the district heating system, thus having a major influence on the feasibility of the whole system. It is accounted for in (2) . In Croatia, the heat price for the final consumer is defined by every individual district heating system operator. It is then approved by the Croatian Energy Regulatory Agency. Since the analyzed city of Ozalj currently only uses individual heating systems, the price of the heat was assumed to be the same as for the district heating system in the nearby city of Karlovac, i.e., 66.6 €/MWh. However, this price also includes the connection fee.
Areas where R > 0 are feasible for district heating implementation. The calculation in QGIS provided the map with highlighted parts of the city which can be connected to a district heating system. The outputs of this analysis included total heat demand, total area of households, and number of 100 × 100 m areas for which it would be feasible to implement a district heating system. These data were further used to examine the environmental impact of a natural gas district heating system compared with the existing individual heating systems. The analysis is based on the CO 2 emissions calculation, as well as local particulate matter (PM), CO, and NO x emissions calculations. The shares of different energy sources, which are currently used in the analyzed city, could be determined by using the data from the survey and the city's Sustainable Energy Action Plan. In the current situation, around 40% of the final heat demand is supplied by individual logwood furnaces, and another 40% by individual fuel oil boilers. The results of the survey showed that these are mostly old and inefficient boilers, causing a high environmental impact on the local level. Taking into account the low efficiency of old boilers and the high efficiency of district heating boilers, the emissions were calculated by multiplying the demand for each fuel with the respective emission factors.
Integrating Excess Heat into the District Heating System
When compared to conventional individual heating solutions, district heating already has significant advantages, both from the economic and the ecological point of view. However, integrating excess heat into a district heating system can provide further benefits, since there are no fuel costs for this source, and the environmental impact is even lower because this heat would otherwise be wasted, and the emissions related to its production would be existent anyway. Therefore, in the second scenario, a part of heat production from natural gas district heating was substituted by excess heat in order to analyze its effect on the overall system. Industrial and other facilities with high amounts of excess heat are often located outside cities, far from the heat demand. Consequently, a significant part of the investment into excess heat utilization is the distribution network which needs to be built in order to transport the heat from the source to the existing demand. The other, less capital-intensive investment is the cost of heat exchangers. It is assumed in this analysis that the temperature level of the available excess heat source is high enough for direct utilization. However, these sources often have low temperatures, especially if the heat is from the service sector. In these cases, heat pumps are needed in order to increase the temperature level of the heat. Low-grade excess heat has a particularly high potential in low-temperature fourth-generation district heating systems and should not be neglected. In this scenario, the levelized cost of heat method was modified in order to serve as a criterion for investment into the excess heat utilization equipment. As mentioned above, in many cases, these sources are located far from the heat demand, and therefore this scenario includes a calculation of the maximum feasible distance of the potential excess heat source, taking into account different quantities of the available excess heat in the area. This way, both the investment into the heat exchangers and the distribution network are included in the analysis. The modified levelized cost of excess heat was calculated by using (3): This shows the great potential of this source, but also its limitations regarding the location source and its distance to the heat demand. The maximum potential distance varies significantl different values of the relevant parameters. Therefore, it changed from 23.11 km in the case GWh available excess heat supply, at the price of 1 €/MWh and pipe cost of 200 €/m, to 2.7 km case of 10 GWh available excess heat supply, at the price of 4 €/MWh and pipe cost of 800 €/m showed that in the cases in which there is a high availability of excess heat, this excess heat co utilized from various locations outside the analyzed city and even from larger cities in its vicin Finally, the district heating systems also provide significant environmental benefits due high efficiency of boilers and to the strict regulations regarding their pollutant emissions. The of the CO2 emissions analysis support this hypothesis by providing the CO2 emissions s achieved by switching from individual heating solutions to a natural gas district heating syst shown in Figure 5 . Even though the analysed district heating system uses natural gas as a fu emissions were still lower than in the current situation, because of the aforementioned re However, more significant benefits were achieved by reducing the PM, NOx, and CO emi which are currently substantial because of a high share of old and inefficient logwood boilers w a filtration system. These have a much higher local impact on the environment. Their values calculated and are presented in Table 4 . The highest reductions were achieved for PM emis which were almost completely eliminated by introducing a natural gas district heating s Furthermore, NOx, and CO emissions were also substantially reduced, by 87% and 97%, respec Additionally, when excess heat is integrated into the system, significantly higher CO2 em savings can be achieved. Figure 5 shows that in the case of 40 GWh of excess heat supply, th emissions were around 50% of the emissions in the current situation. This is due to the fact th
where I HE is the investment cost for the heat exchangers [€/kW], O HE,total are the operation and maintenance costs for the heat exchangers [€/kW], and c excess heat is the cost of excess heat [€/kWh]. When calculating the levelized cost of excess heat, the cost for the installation of the distribution network is not included in the equation, since it is accounted for in Equation (4). This is done in order to calculate the maximum potential distance of the heat source from the demand, i.e., the extra revenue which can be used to finance the construction of the distribution network. Therefore, the investment and operation and maintenance costs in (3) only cover the heat exchangers, which are used to extract the excess heat from the source. The cost of excess heat includes the procurement costs, which are defined by the operator of the excess heat facility and agreed with the operator of a district heating system. Different values of excess heat price were analysed in the sensitivity analysis, as shown in Table 3 .
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where R EH is extra revenue, E total is the total heat demand of the area for which it would be feasible to establish a connection to a natural gas district heating system [kWh], r heat is the revenue from heat, i.e., the price of heat [€/kWh], E EH is the available excess heat [kWh], LCOEH is the levelized cost of excess heat [€/kWh], E DH is the remaining heat demand being covered by the natural gas-based production facility of the district heating system [kWh], LCOH is the levelized cost of heat for the natural gas district heating system [€/kWh], l is the average length of the distribution network in a 100 × 100 m area [m] , n is the number of 100 × 100 m areas, and c pipes is the discounted cost of pipes [€/m]. Since numerous parameters affect the feasibility of excess heat utilization, a sensitivity analysis was made by changing the values of available excess heat, costs of pipes, and cost of excess heat.
Results
In this section, the main results of this paper, including heat demand mapping, feasibility analysis of switching from individual systems to natural gas district heating, and feasibility analysis of excess heat utilization in district heating systems, are presented and discussed.
The results of the first step, i.e., the heat demand mapping, can be seen in Figure 2 . It shows that the areas with the highest heat demand densities are located around the city centre and the industrial zone, which is expected since most of the public and apartment buildings are situated in that part of the city. The final heat demand of the city amounts to 90.92 GWh. Apart from 100 × 100 m areas, the heat demand was mapped on the building level as well, therefore providing a more detailed insight into the current building stock of the city. This also showed the locations of the biggest heat consumers with the highest potential for connecting to a district heating system, thus providing important information in the planning process. By using the heat demand data from the aggregated 100 × 100 m areas, the share of demand which could be feasibly covered by a district heating system was calculated. Then, all the remote areas were excluded from further analysis, as shown in Figure 3 . This was done because the real pipe length in these cases would be much higher, since the average specific distribution network length used in the calculations did not include the distance between the feasible 100 × 100 m areas. However, the average specific distribution network length could be applied in the final selected area from Figure 3 , since most of the 100 × 100 m areas are connected or very near each other. The main results of this analysis can be seen in Table 2 . They show that it would be feasible to cover 83.3% of the existing heat demand in the city by a natural gas district heating system, providing households with an inexpensive and comfortable way of heating. By using the heat demand data from the aggregated 100 × 100 m areas, the share of demand which could be feasibly covered by a district heating system was calculated. Then, all the remote areas were excluded from further analysis, as shown in Figure 3 . This was done because the real pipe length in these cases would be much higher, since the average specific distribution network length used in the calculations did not include the distance between the feasible 100 × 100 m areas. However, the average specific distribution network length could be applied in the final selected area from Figure 3 , since most of the 100 × 100 m areas are connected or very near each other. The main results of this analysis can be seen in Table 2 . They show that it would be feasible to cover 83.3% of the existing heat demand in the city by a natural gas district heating system, providing households with an inexpensive and comfortable way of heating.
On the basis of these results, the potential for excess heat utilization in the analysed system was calculated, as described in the Methods section. The main outcome of this analysis was the maximum distance of the excess heat source from the demand for different excess heat prices and costs of pipes. The latter is an important parameter since it presents the highest investment for a system utilizing a remote excess heat source. This cost also includes digging and the laying of pipes. The different costs of pipes and the prices of excess heat used in the analysis are shown in Table 3 . All the variations of these parameters were analysed in the sensitivity analysis and presented in a form of a graph. Figure 3 . Parts of the city for which it is feasible to establish a connection to a district heating system (orange) and final area selection used in further analyses (red).
On the basis of these results, the potential for excess heat utilization in the analysed system was calculated, as described in the Methods section. The main outcome of this analysis was the maximum distance of the excess heat source from the demand for different excess heat prices and costs of pipes. The latter is an important parameter since it presents the highest investment for a system utilizing a remote excess heat source. This cost also includes digging and the laying of pipes. The different costs of pipes and the prices of excess heat used in the analysis are shown in Table 3 . All the variations of these parameters were analysed in the sensitivity analysis and presented in a form of a graph. The results of the analysis can be seen in Figure 4 . This figure shows that the maximum feasible distance of the excess heat source from the heat demand rose with the amount of available excess heat, as expected. However, when the excess heat price was increased, the maximum potential distance of the source decreased. This was also the case with the increasing costs of pipes. Nevertheless, all the variations of the important parameters resulted in a feasible integration of excess heat in a natural gas district heating system. The results showed that the levelized cost of excess heat method can be used as an efficient way of analyzing the feasibility of excess heat utilization in district heating systems, therefore serving as a criterion for the investment into excess heat utilization equipment. Figure 3 . Parts of the city for which it is feasible to establish a connection to a district heating system (orange) and final area selection used in further analyses (red). Table 3 . Different excess heat prices, costs of pipes, and available excess heat supply used in the analysis of excess heat utilization. The results of the analysis can be seen in Figure 4 . This figure shows that the maximum feasible distance of the excess heat source from the heat demand rose with the amount of available excess heat, as expected. However, when the excess heat price was increased, the maximum potential distance of the source decreased. This was also the case with the increasing costs of pipes. Nevertheless, all the variations of the important parameters resulted in a feasible integration of excess heat in a natural gas district heating system. The results showed that the levelized cost of excess heat method can be used as an efficient way of analyzing the feasibility of excess heat utilization in district heating systems, therefore serving as a criterion for the investment into excess heat utilization equipment.
Excess Heat
This shows the great potential of this source, but also its limitations regarding the location of the source and its distance to the heat demand. The maximum potential distance varies significantly with different values of the relevant parameters. Therefore, it changed from 23.11 km in the case of 40 GWh available excess heat supply, at the price of 1 €/MWh and pipe cost of 200 €/m, to 2.7 km in the case of 10 GWh available excess heat supply, at the price of 4 €/MWh and pipe cost of 800 €/m. This showed that in the cases in which there is a high availability of excess heat, this excess heat could be utilized from various locations outside the analyzed city and even from larger cities in its vicinity. This shows the great potential of this source, but also its limitations regarding the location of the source and its distance to the heat demand. The maximum potential distance varies significantly with different values of the relevant parameters. Therefore, it changed from 23.11 km in the case of 40 GWh available excess heat supply, at the price of 1 €/MWh and pipe cost of 200 €/m, to 2.7 km in the case of 10 GWh available excess heat supply, at the price of 4 €/MWh and pipe cost of 800 €/m. This showed that in the cases in which there is a high availability of excess heat, this excess heat could be utilized from various locations outside the analyzed city and even from larger cities in its vicinity.
Finally, the district heating systems also provide significant environmental benefits due to the high efficiency of boilers and to the strict regulations regarding their pollutant emissions. The results of the CO2 emissions analysis support this hypothesis by providing the CO2 emissions savings achieved by switching from individual heating solutions to a natural gas district heating system, as shown in Figure 5 . Even though the analysed district heating system uses natural gas as a fuel, its emissions were still lower than in the current situation, because of the aforementioned reasons. However, more significant benefits were achieved by reducing the PM, NOx, and CO emissions, which are currently substantial because of a high share of old and inefficient logwood boilers without a filtration system. These have a much higher local impact on the environment. Their values were calculated and are presented in Table 4 . The highest reductions were achieved for PM emissions, which were almost completely eliminated by introducing a natural gas district heating system. Furthermore, NOx, and CO emissions were also substantially reduced, by 87% and 97%, respectively. Additionally, when excess heat is integrated into the system, significantly higher CO2 emission savings can be achieved. Figure 5 shows that in the case of 40 GWh of excess heat supply, the CO2 emissions were around 50% of the emissions in the current situation. This is due to the fact that the Finally, the district heating systems also provide significant environmental benefits due to the high efficiency of boilers and to the strict regulations regarding their pollutant emissions. The results of the CO 2 emissions analysis support this hypothesis by providing the CO 2 emissions savings achieved by switching from individual heating solutions to a natural gas district heating system, as shown in Figure 5 . Even though the analysed district heating system uses natural gas as a fuel, its emissions were still lower than in the current situation, because of the aforementioned reasons. However, more significant benefits were achieved by reducing the PM, NO x , and CO emissions, which are currently substantial because of a high share of old and inefficient logwood boilers without a filtration system. These have a much higher local impact on the environment. Their values were calculated and are presented in Table 4 . The highest reductions were achieved for PM emissions, which were almost completely eliminated by introducing a natural gas district heating system. Furthermore, NO x , and CO emissions were also substantially reduced, by 87% and 97%, respectively.
Additionally, when excess heat is integrated into the system, significantly higher CO 2 emission savings can be achieved. Figure 5 shows that in the case of 40 GWh of excess heat supply, the CO 2 emissions were around 50% of the emissions in the current situation. This is due to the fact that the emissions from the excess heat production facilities are already existent and are calculated in the industrial or service sectors, depending on the origin of excess heat. Therefore, the analysis included only the emissions from the part of the district heating system supplied by the natural gas boiler, significantly lowering the overall environmental impact of the system and the heating sector in general. This was also proven by analysing PM, NO x , and CO emissions for the case of natural gas district heating plus 40 GWh excess heat, where all the emissions were reduced by more than 93% in comparison to the current situation.
industrial or service sectors, depending on the origin of excess heat. Therefore, the analysis included only the emissions from the part of the district heating system supplied by the natural gas boiler, significantly lowering the overall environmental impact of the system and the heating sector in general. This was also proven by analysing PM, NOx, and CO emissions for the case of natural gas district heating plus 40 GWh excess heat, where all the emissions were reduced by more than 93% in comparison to the current situation. 
Discussion and Concluding Remarks
The idea for this paper was twofold. On the one hand, its purpose was to show the economic and environmental benefits of a district heating system implementation in a city which is currently using only individual heating solutions. On the other hand, the novel approach towards analyzing the feasibility of excess heat integration into a district heating system was proposed. The case study was the city of Ozalj, a small city with no existing district heating systems. The prerequisite step in the energy planning of district heating systems is the heat demand mapping of the focus area. This way, parts of the city in which it is feasible to implement a district heating system were determined. In this case, the final heat demand of an area which could be feasibly covered by a natural gas district heating system was 75,383 MWh. These results were then used for further analyses, taking into account the excess heat utilization in a natural gas district heating system. First, the levelized cost of excess heat was calculated for this source, being significantly lower than for other heat production technologies because of its low investment costs and the lack of fuel costs. It has to be noted that the temperature level of the source was assumed to be high enough, and therefore no heat pumps were needed. Consequently, the only investment cost was for the heat exchangers. However, these sources are rarely located in the vicinity of the potential heat demand, and an investment into additional distribution pipes is necessary. In that case, these are the highest costs related to excess heat utilization. Therefore, by implementing the levelized cost of excess heat method, the maximum distance of the source from the heat demand was calculated, that way taking into account both the investment into heat exchangers and the distribution network. Three different parameters were varied in order to perform the sensitivity analysis: available excess heat supply, costs of pipes, and excess heat price. The maximum feasible distance of the excess heat source from the demand was 23.11 km in the case of 40 GWh available excess heat supply, at the price of 1 €/MWh and pipe cost of 200 €/m. On the other hand, the minimum feasible distance of the heat source from the demand was 2.7 km in the case of 10 GWh available excess heat supply, at the price of 4 €/MWh and pipe cost of 800 €/m. The results showed that excess heat is a feasible solution in all cases, but this is highly dependent on the available excess heat supply and on its distance from the heat demand. Current situation Natural gas district heating Natural gas district heating + 10GWh excess heat Natural gas district heating + 20GWh excess heat Natural gas district heating + 30GWh excess heat Natural gas district heating + 40GWh excess heat 
The idea for this paper was twofold. On the one hand, its purpose was to show the economic and environmental benefits of a district heating system implementation in a city which is currently using only individual heating solutions. On the other hand, the novel approach towards analyzing the feasibility of excess heat integration into a district heating system was proposed. The case study was the city of Ozalj, a small city with no existing district heating systems. The prerequisite step in the energy planning of district heating systems is the heat demand mapping of the focus area. This way, parts of the city in which it is feasible to implement a district heating system were determined. In this case, the final heat demand of an area which could be feasibly covered by a natural gas district heating system was 75,383 MWh. These results were then used for further analyses, taking into account the excess heat utilization in a natural gas district heating system. First, the levelized cost of excess heat was calculated for this source, being significantly lower than for other heat production technologies because of its low investment costs and the lack of fuel costs. It has to be noted that the temperature level of the source was assumed to be high enough, and therefore no heat pumps were needed. Consequently, the only investment cost was for the heat exchangers. However, these sources are rarely located in the vicinity of the potential heat demand, and an investment into additional distribution pipes is necessary. In that case, these are the highest costs related to excess heat utilization. Therefore, by implementing the levelized cost of excess heat method, the maximum distance of the source from the heat demand was calculated, that way taking into account both the investment into heat exchangers and the distribution network. Three different parameters were varied in order to perform the sensitivity analysis: available excess heat supply, costs of pipes, and excess heat price. The maximum feasible distance of the excess heat source from the demand was 23.11 km in the case of 40 GWh available excess heat supply, at the price of 1 €/MWh and pipe cost of 200 €/m. On the other hand, the minimum feasible distance of the heat source from the demand was 2.7 km in the case of 10 GWh available excess heat supply, at the price of 4 €/MWh and pipe cost of 800 €/m. The results showed that excess heat is a feasible solution in all cases, but this is highly dependent on the available excess heat supply and on its distance from the heat demand. Furthermore, it can be concluded that the levelized cost of excess heat method can be used as a criterion for the investment into excess heat utilization equipment.
The final aspect analyzed in this paper was the environmental impact of a district heating system, in relation to individual heating systems. The analysis was conducted both for the CO 2 emissions and the NO x , PM, and CO emissions, which have a higher influence on the local level. The analysis showed that a natural gas district heating system already has lower CO 2 emissions than individual solutions. Further benefits are achieved as the result of significantly lower local NO x , PM, and CO emissions from highly efficient district heating boilers, while many individual biomass furnaces are old and do not have the necessary filtration system. Thus, reductions of more than 87% were achieved for all local emissions by switching to a natural gas district heating system. CO 2 emissions were drastically reduced if excess heat was additionally introduced into the system. This heat is already being wasted, and the emissions from its production can be allocated to the industrial or service sectors, depending on its origin. Therefore, when being utilized in a district heating system, this heat does not contribute to the emissions of a heating sector. If 40 GWh of excess heat supply is available, the CO 2 emissions of a district heating system are 50% lower than for individual heating solutions.
